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Abstract 

Platinum  and  platinum-tin  alloy  dispersed  on  active  carbon  are  used  as  the  catalysts  for  methanol  electro-oxidation.  Gas  chromatographic 
and  X-ray  powder  diffraction  analysis  show  that  the  co-existence  of  Pt/C  and  PtSn/C  in  the  catalysts  yields  better  catalysis  for  methanol 
electro-oxidation  than  Pt/C  alone.  The  electrochemical  behaviour  of  the  electrodes  made  from  catalysts  Pt/C  and  Pt-PtSn/C  are  investigated, 
together  with  platinum  black  for  purposes  of  comparison.  A  new  intermediate  species  is  suggested  to  be  present  in  the  methanol  electro¬ 
oxidation. 
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1.  Introduction 

Methanol  fuel  cells  are  an  attractive  alternative  to  hydro¬ 
gen-air  cells.  An  ideal  electrolyte  for  methanol  should  have 
high  conductivity,  produce  no  corrosion  of  either  the  cell  or 
the  catalyst  materials,  and  participate  in  no  detrimental  side 
reactions.  In  this  context,  alkaline  electrolytes  offer  superior 
electrochemical  performance  compared  with  acidic  systems. 
Alkaline  electrolytes  react,  however,  with  carbon  dioxide 
produced  from  methanol  oxidation  to  form  carbonates  that 
foul  the  electrodes.  Consequently,  most  research  has  been 
focused  on  acidic  electrolyte  systems  [  1-5] . 

In  turn,  corrosion-resistant  catalysts  and  supports  are 
required.  Platinum  seems  to  be  the  only  material  that  has  a 
significant  amount  of  activity  as  well  as  stability  for  methanol 
electro-oxidation  in  acidic  electrolytes.  Unfortunately,  meth¬ 
anol  and  mediates  formed  during  methanol  electro-oxidation 
adsorb  on  the  platinum  surface  and  effectively  block  the 
active  sites.  This  causes  a  rapid  decay  in  the  initially  high  de- 
hydrogen  current.  Considerable  effort  has  been  devoted  to 
eliminate  the  poisoning  effect.  One  strategy  is  to  modify  the 
platinum  surface  by  under-potential  deposition  (UPD)  of  a 
foreign  metal  [1,3,6].  Janssen  and  Moolhuysen  [6]  sum¬ 
marized  the  UPD  effects  of  26  foreign  metals  on  smooth 
platinum  for  methanol  electro-oxidation.  Results  showed  that 
the  UPD  of  tin  and  ruthenium  gave,  respectively,  100  and  25 
times  more  catalytic  activity  than  platinum  alone.  It  should 
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be  pointed  out,  however,  that  this  significant  increase  in  catal¬ 
ysis  was  obtained  on  a  smooth  platinum  sheet.  The  effective 
surface  area  of  such  an  electrode  is  quite  low.  The  current  of 
methanol  electro-oxidation  is  still  too  low  for  commercial 
usage. 

Aramata  and  Masuda  [7]  and  Swathirajan  and  Mikhail 
[  8  ]  reported  the  oxidation  of  methanol  on  platinum-tin  alloy 
dispersed  on  different  polymers.  The  adoption  of  high  sur¬ 
face-area  substrates  in  these  two  studies  is  an  advancement 
on  the  use  of  smooth  platinum.  Various  types  of  carbon  mate¬ 
rial  have  been  examined  [9,10]  as  a  support  for  platinum 
particle  catalysts.  In  this  communication,  we  discuss  the  elec¬ 
trochemical  oxidation  behaviour  of  methanol  on  platinum- 
tin  catalysts  dispersed  on  active  carbon.  Experiments  have 
also  been  carried  out  on  a  platinum  black  electrode  for  the 
purposes  of  comparison.  Gas  chromatography  is  used  to 
detect  the  results  of  methanol  oxidation,  and  X-ray  powder 
diffraction  is  employed  to  determine  the  composition  of  the 
platinum-tin  catalyst  powder.  The  optimum  composition  of 
the  catalysts  is  obtained  and  a  new  intermediate  species  is 
deduced. 

2.  Experimental 

2. 1.  Pt/C  catalyst  preparation 

A  solution  of  chloroplatinic  acid  (H2PtCl  •  6H20)  that  con¬ 
tains  the  required  amount  (in  wt.%)  of  platinum  is  taken 
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ttirrer 

Fig.  1 .  Apparatus  for  Pt/C  synthesis  with  hydrogen  as  a  reducer. 


from  a  1  %  stock  solution.  Citric  acid  is  added  as  acompetiti  ve 
adsorbant  (the  concentration  of  citric  acid  is  controlled  at 
~  0.08  M).  To  this  mixture,  the  appropriate  quantity  of  C02- 
treated  active  carbon  (BET  area:  500  m2  g  " 1 )  is  added  and 
mixed  thoroughly  by  ultrasonic  blending  for  8  h.  Platinum 
ions  in  the  resulting  slurry  are  reduced  by  hydrogen  using  the 
apparatus  shown  schematically  in  Fig.  1.  The  reaction  is 
maintained  until  H2  is  no  longer  consumed.  This  can  be 
observed  through  the  movement  of  red  dye  in  the  graduated 
tube  (Fig.  1).  The  mixture  is  filtered  and  washed  with  de¬ 
ionized  water  to  pH:  6.5.  The  solid  collected  is  then  dried  at 
120  °C  in  a  nitrogen  stream.  The  carbon-supported  platinum 
catalyst  thus  prepared  contains  10  wt.%  platinum. 

2.2.  Preparation  of  Pt-Sn/C  alloy  catalyst 

The  required  amount  of  Pt/C  catalyst  is  dispersed  in  de¬ 
ionized  water.  To  this  slurry  is  added  an  aqueous  solution  of 
SnCl2  •  2H20  with  vigorous  stirring.  After  adjusting  the  pH 
to  8.0  by  slowly  adding  a  dilute  aqueous  solution  of  hydra¬ 
zine,  stirring  is  continued  for  2  h  in  order  to  deposit  tin  on 
the  supported  platinum  catalyst.  The  resulting  slurry  is  filtered 
and  the  solid  collected  is  dried  at  120  °C  in  a  nitrogen 
atmosphere. 

2.3.  Electrode  preparation 

The  catalysts  are  slurried  with  2-propanol.  Next,  the 
required  amount  of  Teflon  emulsion  is  added  with  vigorous 
stirring  for  30  min.  The  final  slurry  is  spread  on  a  support 
membrane  made  of  graphite  paper  (previously  wet-proofed 
with  Teflon)  to  provide  a  platinum  loading  of  1 .0  mg  cm'2 
of  electrode  area.  The  final  electrode  is  pressed  slightly  and 
dried  in  air  at  120  °C  for  10  min  and  then  sintered  in  air  at 
320  °C  for  12  min. 


2.4.  Measurement 

Polarization  curves  for  methanol  electro-oxidation  are 
obtained  galvanostatically  in  a  nitrogen  saturated  1  M 
CH3OH/2.5  M  H2S04  solution  at  60  °C  and  are  not  IR  cor¬ 
rected.  The  counter  electrode  is  a  platinized  platinum  sheet. 
An  Hg/Hg2S04  electrode  served  as  the  reference  electrode 
and  has  a  potential  of  0.68  V  versus  SHE. 

X-ray  diffraction  (XRD)  measurement  is  performed  with 
a  D/Max-A  (Kigak  Co.  Jp)  apparatus.  Gaschromatography 
measurement  is  carried  out  with  a  GC-500  gaschromatogra¬ 
phy  meter  (Varian  Co.  US). 


3.  Results 

3. 1.  Catalytivity  of  catalyst  powder 

It  is  important  to  predict  the  activity  of  the  catalyst  powder 
before  it  is  fabricated  into  an  electrode.  It  is  also  time-saving 
to  abandon  those  catalyst  powders  that  show  poor  catalytic 
ability.  The  following  experiment  is  designed  to  examine  the 
activity  of  catalyst  powder.  The  catalyst  powder  is  added  to 
a  1  %  methanol  aqueous  solution  into  which  oxygen  is  bub¬ 
bled  for  5  h  at  40  °C.  Methanol  will  be  oxidized  in  the  presence 
of  the  catalyst.  The  extent  of  methanol  oxidation  depends 
strongly  on  the  activity  of  the  catalyst  powder.  The  resulting 
solution  was  analysed  with  a  GC-500  gaschromatograph.  The 
results  are  summai^ea  in  Table  1,  where  RT  represents  the 
residence  time  of  the  component  in  the  chromatograph  tube. 
The  percentage  of  peak  area  corresponding  to  RT  is  calcu¬ 
lated.  The  dependence  of  the  relative  rate  of  methanol  oxi¬ 
dation  on  the  tin  content  in  the  catalyst  powder  is  illustrated 
in  Fig.  2.  It  is  apparent  that  the  oxidation  of  methanol  depends 
markedly  on  the  catalyst.  The  oxidation  of  methanol  does  not 
take  place  in  the  absence  of  catalyst.  The  tin  content  has  an 
optimum  value  for  methanol  oxidation  near4  wt.%.  The  XRD 
spectra  of  the  catalyst  powders  (Fig.  3)  show  that  almost  all 
of  the  platinum  in  the  10%Pt-10%Sn/C  catalyst  is  alloyed 
with  tin.  By  contrast,  only  part  of  the  platinum  in  the  10%Pt- 
3.3%Sn/C  catalyst  is  alloyed  with  tin.  The  latter  catalyst 


Fig.  2.  Dependence  of  relative  rate  of  methanol  oxidation  on  tin  content  in 
Pt-Sn/C  catalyst. 


Table  1 

Influence  of  catalyst  type  on  methanol  oxidation 
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Residence  time 

(min) 

Area  of  chromatographic  peak  (%) 

Compound  corresponding  to 
residence  time 

no  catalyst 

10%Pt/C 

10%Pt-10%Sn/C 

10%Pt-3.3%Sn/C 

1051>Pt-30%Sn/C 

2.90 

100 

14.8 

24.5 

0 

56.4 

methanol 

3.39 

0 

85.2 

75.5 

0 

43.6 

formaldehyde 

5.04 

0 

0 

0 

100 

0 

to  be  detected 

Fig.  3.  XRD  spectra  for:  (a)  10%Pt-10%Sn/C,  and  (b)  10%Pt-3.3%Sn/C. 


Fig.  4.  Current-potential  profiles  for  methanol  oxidation  in  2.5  M  H2S04 
and  1  M  CH,OH  at  60  °C  on  electrodes  made  from  given  catalysts. 

exhibits  better  activity  for  methanol  oxidation.  This  means 
that  the  co-existence  of  platinum  and  PtSn  alloy  is  beneficial 
for  methanol  oxidation. 

3.2.  Methanol  electro-oxidation 

Methanol  electro-oxidation  on  the  prepared  electrodes  is 
shown  in  Fig.  4,  together  with  data  for  platinum  black.  The 
short-term  polarization  behaviour  of  electrodes  made  from 
10%Pt/C  and  10%Pt-3.3%Sn/C  has  much  lower  over- 
potentials  than  that  made  from  platinum  black.  The  lifetime 
test  is  shown  in  Fig.  5.  Compared  with  the  rapid  decay  of  the 
platinum  black  electrode,  the  electrodes  made  from  10%Pt/ 
C  and  10%Pt-3.3%Sn/C  exhibit  considerable  improvement 


Fig.  5.  Potential-time  function  for  methanol  electro-oxidation  at  current 
density  of  50  mA  cm"3  in  2.5  M  H2S04  and  1  M  CH3OH  at  60  °C  on 
electrode  made  from  given  catalysts. 

in  terms  of  life.  By  contrast,  the  electrode  made  from  10%Pt- 
3.3%Sn/C  gave  only  slightly  better  lifetime  performance 
than  the  electrode  from  10%Pt/C.  This  is  identical  with  the 
observation  of  direct  methanol  oxidation  by  oxygen  in  the 
presence  of  catalyst  powder.  An  increased  content  of  tin  in 
Pt-Sn/C  alloy  catalysts  improves  the  electrode  catalysis  for 
methanol  electro-oxidation. 

3.3.  Mechanism  of  the  reaction 

According  to  Goodenough  and  Hamnett  [2],  four  bound 
species  are  present  on  platinum  during  the  electro-oxidation 
of  methanol.  These  species  are: 
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Given  that  formaldehyde  is  detected  in  the  oxidized  solu¬ 
tion  of  methanol  (see  Table  1),  a  fifth  bound  species  should 
be  present  on  the  platinum.  It  may  be  formed  through  the 
following  reaction: 

OH 

CH3OH  +  Pt  — >  H— C-H  +  H+  +  e- 

I 

Pt 


4.  Conclusions 

Platinum  and  platinum-tin  alloy  dispersed  on  active  car¬ 
bons  enhance  methanol  electro-oxidation.  The  co-existence 
of  platinum  and  platinum-tin  alloy  on  active  carbons  exhibits 
better  catalysis  than  either  platinum  alone  on  active  carbons 
or  bulk  platinum  electrodes.  It  is  recommended  that  the  con¬ 
tent  of  tin  in  the  mixed  catalysts  is  kept  below  4  wt.%,  relative 
to  the  amount  of  active  carbon. 
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